S epsis contributes to one out of every two to three hospital deaths (1) and is the most costly cause of hospitalization in the United States (2) . In New York State alone, approximately 50,000 adults are diagnosed with severe sepsis or septic shock annually, of which 30% die (New York State Department of Health [NYSDOH] all-payer inpatient hospital discharge data). Responding to mounting evidence that timely treatment saves lives (3), New York State enacted sepsis regulations in 2013 ("Rory's Regulations") requiring all hospitals to develop and implement protocols for screening, early recognition, and prompt treatment of patients with severe sepsis and septic shock (4). In addition, hospitals were required to report patient-level data to the NYSDOH beginning in 2014 as part of a NYSDOH sepsis clinical database.
However, a key challenge to realizing the potential benefit of any quality improvement initiative, such as Rory's Regulations, is ensuring that all eligible cases are recognized and reported (5, 6 )-or at the very least, ensuring that the reported cases are representative of all cases. The challenge of accurate and representative case identification also affects the value of other initiatives, such as the Centers for Medicare and Medicaid Services' new SEP-1 quality measure (7) . In sepsis, a condition for which no gold-standard for diagnosis exists, it is unknown how well cases reported under state mandate align with sepsis discharges identified in a statewide database.
In order to investigate the extent to which performance measurement and quality improvement efforts were potentially hampered by strategic or random underreporting, we measured the concordance between sepsis cases reported to the NYSDOH Sepsis Clinical Database under Rory's Regulations and discharges with sepsis identified in a statewide all-payer discharge database, the Statewide Planning and Research Cooperative System (SPARCS) (8). We examined variation in the percentage of discharges with sepsis in SPARCS that were reported over time and across hospitals. We also compared reported and unreported discharges and sought to understand potential mechanisms for variation in reporting.
METHODS

Context
In 2013, New York State enacted sepsis regulations requiring all hospitals to implement protocols for early recognition and treatment of patients with severe sepsis and septic shock (9, 10). Starting in 2014, NY hospitals were required to submit patient-level data to the NYSDOH Sepsis Clinical Database for each inpatient and emergency department (ED) discharge with severe sepsis or septic shock by Sepsis-2 definitions (11) for performance evaluation. In 2017, NYS-DOH began public reporting of sepsis treatment and riskadjusted outcomes by hospital (12) . There were no financial incentives or penalties associated with reporting or with sepsis treatment or outcomes.
Hospitals were encouraged to use both prospective assessment of clinical data and retrospective assessment of administrative data for case finding, although the actual method(s) of case ascertainment varied by hospital. The state audited a random 10% of cases submitted to the NYSDOH Sepsis Clinical Database using manual chart review and provided feedback to hospitals regarding data quality. (Audit results are presented in a prior publication [13] .) To promote complete reporting, the NYSDOH also examined the NYSDOH Sepsis Clinical Database and SPARCS discharge records after the first year of reporting to screen for potential missed cases. Hospitals were notified of potential missed cases and given the opportunity to review their results and instructions to submit any cases that should have been reported.
Study Populations
We examined all adult sepsis cases reported to the NYSDOH Sepsis Clinical Database from April 1, 2014, to June 30, 2016 . We compared these reported sepsis cases with sepsis discharges identified from inpatient and ED discharge records in SPARCS. Since 1979, SPARCS has collected patient-level data on demographics, diagnoses and treatments, services, and charges for each New York State Article 28 acute care inpatient hospital stay and ED visit in the state of New York (8).
Because there is no optimal practice for identifying sepsis hospitalizations in administrative data (14, 15) , we used three identification methods (eTable 1, Supplemental Digital Content 1, http://links.lww.com/CCM/D247). Our primary analysis examined inpatient and ED discharge records with a primary or secondary International Classification of Diseases, 9th Edition, Clinical Modification (ICD-9-CM), diagnosis code for severe sepsis (995.92) or septic shock (785.52)-which we call "coded sepsis discharges." In a prior study, this approach had a positive predictive value of 100.0% (95% CI, 76.8-100.0%) relative to structured chart review by trained hospitalists (14) . However, because the sensitivity of this approach is low, we also performed sensitivity analyses using Dombrovskiy (16) Matching Reported Sepsis Cases to Discharge Records We used a hierarchical deterministic algorithm to match cases in the NYSDOH Sepsis Clinical Database to discharge records in SPARCS using unique patient identifiers, unique facility identifiers, and other variables (e.g., dates of service, discharge location) common to both datasets (eTable 2, Supplemental Digital Content 1, http://links.lww.com/CCM/D247).
Statistical Analyses
To determine completeness of reporting, we measured the proportion (95% CI) of coded sepsis discharges in SPARCS that were reported to the NYSDOH Sepsis Clinical Database overall, by quarter, and by hospital. In sensitivity analyses, we estimated the total number of unreported discharges using Dombrovskiy (16) and modified Angus (17) criteria for identifying sepsis discharges (Appendix 1, Supplemental Digital Content 1, http://links.lww.com/CCM/D247).
To explore patterns of incomplete reporting, we compared the characteristics, crude in-hospital mortality, and adjusted in-hospital mortality of reported versus unreported sepsis discharges. We also compared the characteristics of hospitals that reported a higher versus lower percent of their sepsis discharges. Adjusted analyses accounted for age, gender, race, payer, and individual Charlson comorbidities (18, 19) . In a separate analysis, we also accounted for individual acute organ dysfunctions coded during the hospitalization, applying the acute organ dysfunction codes used by Dombrovskiy (16) .
To assess whether incomplete reporting may have biased the findings of New York's mandated sepsis reporting, we measured the relationship between reporting and outcomes. Specifically, we measured 1) the correlation between a hospital's percent of coded sepsis discharges reported and the proportion of reported cases that had a sepsis protocol initiated (excluding patients that fell into at least one of several allowable categories for exclusion, including a clinical contraindication to treatment) and 2) the correlation between hospitals' proportion of coded sepsis discharges reported and adjusted mortality (again excluding patients meeting exclusion criteria). For this analysis, we excluded hospitals with fewer than 25 coded sepsis discharges in SPARCS to avoid spurious associations due to small numbers.
To compare characteristics of reported versus unreported discharges, we used chi-square, z-tests, and nonparametric tests as appropriate for the distribution of the outcome. We used twosided significance testing and considered a p value of less than 0.05 significant. Analyses were completed using SAS, Version 9.4 (SAS Institute Inc. Cary, NC). This study was reviewed and deemed exempt by the NYSDOH Institutional Review Board.
RESULTS
111,816 adult sepsis cases were reported to the NYSDOH Sepsis Clinical Database during the study period. Of these, 105,722 (94.5%) were matched to an inpatient or ED discharge record in the SPARCS database ( Fig. 1 Key terms are as follows: "coded sepsis discharge": an inpatient or emergency department (ED) discharge record in SPARCS with a diagnosis code for severe sepsis or septic shock; "reported sepsis discharge": An inpatient or ED discharge record in SPARCS that was reported to NYSDOH Sepsis Clinical Database for under mandated sepsis reporting. Only discharge records that were matched to the NYSDOH Sepsis Clinical Database could be confirmed as reported; "unreported sepsis discharge": An inpatient or ED discharge record in SPARCS with a diagnosis code for severe sepsis or septic shock that was not reported to NYSDOH for performance measurement under mandated sepsis reporting; "matched sepsis case": A case submitted to NYSDOH Sepsis Clinical Database and matched to an inpatient or ED discharge record in SPARCS; and "unmatched sepsis case": A case submitted to NYSDOH Sepsis Clinical Database that could not be matched to an inpatient or ED discharge record in the SPARCS.
Completeness of Reporting
Of the 122,684 coded sepsis discharges in SPARCS during the study period, 95,355 (77.7%) were matched to the NYS-DOH Sepsis Clinical Database and therefore confirmed as being reported to the NYSDOH as part of the sepsis initiative ( Table 1 ). Assuming that the 6,094 unmatched cases in the NYSDOH Sepsis Clinical Database exist in SPARCS and are coded as severe sepsis or septic shock but remained unmatched due to the deterministic matching algorithm, as many as 101,449 (82.7%) coded sepsis discharges in SPARCS were potentially reported. Conversely, between 21,235 (17.3%) and 27,329 (22.3%) coded sepsis discharges in SPARCS were not reported to the NYSDOH Sepsis Clinical Database. In sensitivity analyses using Angus and Dombrovskiy criteria, an estimated 31,826 and 38,055 discharges, respectively, were unreported.
Over time, the proportion of coded sepsis discharges in SPARCS that were reported to the NYSDOH Sepsis Clinical Database increased. Eight-thousand six-hundred sixty-four of 12,835 (67.5%; 95% CI, 66.7-68.3%) coded sepsis discharges were reported in the second quarter of 2014, compared with 11,170 of 13,764 (81.1%; 95% CI, 80.6-82.0%) in the second quarter of 2015. Thereafter, the percentage of coded sepsis discharges reported remained consistently above 80%.
Characteristics of Reported Versus Unreported Sepsis Discharges
Reported sepsis discharges had higher rates of acute organ dysfunction ( 
Characteristics of Hospitals With Higher Versus Lower Percent Reported
Across hospitals, the percent of coded sepsis discharges in SPARCS that were reported to the NYSDOH Sepsis Clinical Database varied from 0.0% to 100.0%, median 84.8%. Among hospitals with at least 25 discharges, the percent reported ranged from 0.0% to 100.0%, median 86.1%. When comparing Fully adjusted mortality also adjusted for acute organ dysfunctions, abstracted from each SPARCS discharge record using the method of Dombrovskiy (2).
hospitals in the first versus fourth quartile of percent reported, there were no differences in hospital size, sepsis case volume, teaching status, or urban versus rural location, p value of greater than 0.05 for each ( Table 3) .
Relationship Between Completeness of Reporting and Outcomes
There was very weak correlation between a hospital's percent of coded sepsis discharges reported and percent of reported cases with a sepsis protocol initiated (Pearson correlation coefficient, -0.23; p = 0.003) (eFig. 1, Supplemental Digital Content 1, http:// links.lww.com/CCM/D247). There was no correlation between the percent reported and risk-adjusted mortality at the hospital level (Pearson correlation coefficient 0.11; p = 0.17) (Fig. 2) .
DISCUSSION
New York State introduced regulations ("Rory's Regulations") in 2013 to improve statewide sepsis care. In this study, we examined the first 27 months of mandated reporting to evaluate how often inpatient and ED discharges with a diagnosis code of severe sepsis or septic shock were reported to the NYSDOH Sepsis Clinical Database. We found that about four of five discharges with a diagnosis of severe sepsis or septic shock were reported to the NYSDOH Sepsis Clinical Database, which is used to evaluate hospital performance on quality metrics. The percentage of cases reported increased steadily during the first year of mandated reporting, plateauing at just above 80% during the second year. However, there was wide variation in the percent reported across hospitals. When comparing reported versus unreported discharges, we found little evidence that incomplete reporting was driven by an attempt to bias the state's measurement of sepsis outcomes. Reported discharges had higher rates of acute organ dysfunction, higher in-hospital mortality, and were more likely to have a sepsis APR-DRG, suggesting that hospitals did not selectively report discharges with better outcomes (21) . Rather, our findings suggest that underreporting occurred due to nonstrategic omission of less sick patients. We suspect that this occurred due to underrecognition of less ill or less obviously septic patients. In addition, the incomplete reporting of patients who were ultimately coded as having severe sepsis or septic shock reflects the disconnect between clinical care, quality reporting, and coding practices at individual hospitals. Furthermore, although the percent of sepsis discharges reported varied across hospitals, there was little evidence that incomplete reporting biased the assessment of individual hospitals' performance. The percent of sepsis discharges reported was poorly correlated with the rate of protocol initiation among eligible reported cases. Furthermore, we found no correlation between the percent of discharges reported and riskadjusted in-hospital mortality.
Beyond measuring the percentage of sepsis discharges that were unreported, we also estimated the number of "all" sepsis discharges-coded or not-that went unreported. Based on the number of discharges meeting Dombrovskiy and Angus criteria, and associated positive predictive values for these definitions (14, 15) , we estimate that an additional 10,000-16,000 discharges may have had sepsis over the course of the 2-year reporting period but were neither coded as such in SPARCS nor reported to the NYSDOH Sepsis Clinical Database. This degree of underrecognition is not surprising, as sepsis diagnosis has poor interrater reliability, even among experienced clinicians (22) .
The potential underreporting of lower risk sepsis discharges can be interpreted from two angles. On the one hand, it is important to identify patients who present with less severe forms of sepsis since these patients account for about half of all sepsis-related hospital deaths (1) . For this reason, at least one large healthcare system has implemented a sepsis treatment initiative that specifically targets lower risk sepsis patients (23) . On the other hand, the underreporting of lower risk sepsis discharges did not appear to bias the measurement of individual hospital performance, as we found no correlation between hospitals' completeness of reporting and risk-adjusted mortality of reported cases.
Physician recognition of critical illness syndromes (such as sepsis [24, 25] and acute respiratory distress syndrome [26, 27] ) is known to be low-particularly among patients with lower illness severity. For this reason, experts have argued that sepsis mandates should explicitly address diagnostic inaccuracy (28). Our finding suggest that less severely ill patients, or those with less obvious clinical presentations of sepsis, were indeed less likely to be reported under New York's mandate.
New York invested substantial resources into evaluating and promoting the quality of the data submitted to the NYSDOH Sepsis Clinical Database. A full 10% of submitted cases were audited, and hospitals were notified of potential unreported cases after the first year. However, despite these efforts, one in five discharges with a diagnosis of severe sepsis or septic shock went unreported. These findings suggest that states and hospital systems considering similar initiatives should consider auditing a sample of unreported cases meeting Dombrovskiy or modified Angus criteria in order to assess and promote completeness of sepsis recognition and reporting.
Our findings should be interpreted in the context of several limitations. First, there is no optimal method for determining which discharges in SPARCS should have been reported to the NYSDOH Sepsis Clinical Database. There is no gold-standard definition of sepsis with perfect reliability (29) , either prospectively or retrospectively. Furthermore, physician agreement on diagnosis is poor (22) . ICD-9-CM definitions may misclassify patients in both directions, resulting in both false-negative and false-positive cases (15, 30) . For this reason, we used several common definitions to identify sepsis cases in discharge records, including diagnosis codes for severe sepsis or septic shock, Dombrovskiy criteria, and modified Angus criteria. We applied positive predictive values for these definitions, based on previously published validation studies-but coding practices are known to change over time (31) and may have changed as a direct result of the mandate. However, the three approaches resulted in fairly similar estimates of the number of unreported cases (20,000-35,000 sepsis discharges during the study period), adding credibility to these findings.
Beyond the limitations of claims-based identification methods, there was incomplete linkage of cases in the NYSDOH Sepsis Clinical Database to discharge records in SPARCS. We performed a hierarchical match to link as many cases as possible, but 5.5% of cases in the NYSDOH Sepsis Clinical Database remained unmatched. This rate of nonmatch is common when merging such large databases, which inherently contain errors (32) . We accounted for the unmatched cases, so that they did not inflate our estimates of unreported discharges. However, since there is no way to distinguish unmatched versus unreported SPARCS discharges, the incomplete match rate likely diminished our ability to detect differences in the characteristics of reported versus unreported discharges and to measure the relationship between hospital-level reporting and outcomes.
Our study must also be considered within the context of New York's regulations, which had no financial incentives associated with reporting, sepsis treatment, or sepsis outcomes. It is possible that the completeness and representativeness of reported cases would be different under a pay-for-performance scenario.
CONCLUSIONS
In this study of the first 27 months of mandated reporting of sepsis cases in New York, we found that approximately four of five discharges with a diagnosis code for severe sepsis or septic shock in SPARCS were reported to the NYSDOH Sepsis Clinical Database and subsequently used for performance measurement. An estimated additional 10,000-16,000 discharges may have had sepsis but were neither coded nor reported. Incomplete reporting appears to be driven more by underrecognition than attempts to game the system, with minimal bias to hospital performance measurement.
